12 Hellon, R. F., and A. R. Lind, "Observations on the activity of sweat glands with special reference to the influence of ageing," J. Physiol., 133, 132-144 (1956 ). Communicated by Frederick L. Hisaw, February 13, 1963 There is some contradiction in the literature concerning the properties and timeof appearance of embryonic hemoglobin in the chicken. Hall' noted a progressive shift in the oxygen equilibrium curve of the hemoglobin as development proceeded; the principal change was a gradual decrease in oxygen affinity but no significant change in the magnitude of the heme-heme interactions. Saha2 observed an al- VOL. 49, 1963 ZOOLOGY: MANWELL ET AL. 497 most hyperbolic oxygen equilibrium curve for 15-day-old embryo hemoglobin but a sigmoid oxygen equilibrium curve at hatching (20-21 days) and at 15 days after hatching; there was no significant change in the oxygen affinity. Saha3 has also noted that 7-day chicken embryo "fetal hemoglobin" has a slightly more alkalineresistant component than that present in the adult hemoglobin. Knight4 identified immunologically two kinds of hemoglobin in the chicken, one being present already at two days of development and persisting in the adult, the other being identifiable only after the fifteenth day of development and also persisting throughout the subsequent life of the chicken. D'Amelio and Salvo,6 expanding their earlier work, have shown both by starch and agar electrophoresis, as well as by immunological techniques, that there are two distinct embryonic hemoglobin components which comprise the only hemoglobin present at 68 hr of development: by 88 hr they found three additional hemoglobin fractions which are identical t( those present in hemoglobin from adult chickens; by 11 days they reported that embryos had only traces of the embryonic hemoglobins and that the adult-type hemoglobins were the dominant respiratory blood proteins. Fraser,6 using both electrophoresis and carboxymethyl-cellulose chromatography, resolved all chicken hemoglobin samples into two components; the only developmental difference reported was that the relative amounts of the two components varied; 5-day and 7-day embryos had 84 per cent of the more acid hemoglobin component and 16 per cent of the more basic hemoglobin component; the proportions changed gradually over the entire intra-egg period so that both newly hatched chicks and adult hens had 28 per cent of the acidic component-which Fraser6 termed "embryonic hemoglobin"-and 72 per cent of the basic component-designated "adult hemoglobin." Wilt,7 using agar gel, starch gel, and immunoelectrophoresis, observed two kinds of hemoglobin in the adult chicken-and these were also present in 2-and 3-day-old embryos; a third immunologically distinct globin-like component persisted only for 48 hr of development; this transient component behaved electrophoretically in the same way as the major adult hemoglobin component, although it was immunologically different. A possible explanation for some of these different findings might be the "breed" or race of chicken used. This raises the interesting possibility that the presence or absence of embryonic hemoglobin and the time that its synthesis is "turned on" and "turned off" might be under separate genetic control-as suggested in regulation of adaptive enzymes in microorganisms,8 certain alleles in maize,9 and developmental protein sequences.10 Thus, the authors have investigated the properties of the embryonic and adult hemoglobin of four different breeds of chickens, one strain of turkey, and the red-winged blackbird. (2) 4-Early embryos were dissected free from the day New Hampshire embryo, (3) 4-day Columbian embryo, (4) 4-day White Leghorn yolk under isotonic saline (0.9 % NaCl), embryo, (5) adult chicken, (6) 4-day White washed free of yolk by dipping gently into clean Leghorn embryo, (7) 3-day White Leghorn saline solution, and then bled into a small quanembryo, (8) adult chicken. Note difference tity of citrated and heparinized saline by severing between embryonic and adult chicken hemo-t globins, and absence of differences between the major blood vessels. The small amount of breeds.
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yolk contamination was completely removed by a combination of repeated filtration through glass + wool and differential centrifugation. Larger embryos were bled from the heart, after first remov- (8) adult chicken. Note that, while ing" comparison six dozen 5-day-old embryos the 5-day-old chicken embryo and the 7-day-were pooled so that enough hemoglobin could be old turkey embryo have no adult hemoglobin, obtained for purification by ammonium sulfate the 7-day-old chicken embryos have approxi-fractionation (45-55% saturation, based on 70.6 mately half of their hemoglobin of adult electrophoretic properties. Although the major gm of ammonium sulfate to 100 ml of hemoglobin embryonic and adult hemoglobin components solution at 0C being 100% saturation). tend to overlap in this particular photograph, Erythrocytes were washed three or four times they can be completely resolved in longer elec-. l trophoretic runs, though with loss of sharp-i large volumes of cold isotonic sodium chloride. ness of the minor hemoglobin bands.
Any trace of a "buffy coat" (leucocyte layer) was discarded. Lysis was accomplished by addition of a fixed volume of distilled water (for most purposes 5-10 ml of water to one ml of centrifugally packed erythrocytes). Toluene (Matheson, Coleman, and Bell, special purity grade) was stirred over the crude hemolysate to effect complete separation of hemoglobin from other cellular components. At this time, unless the samples were to be used for oxygen equilibrium, the hemoglobin was converted to the carbon monoxide derivative for increased stability. Cellular debris was removed by centrifugation for one hour at 35-40 X 103 g. All of these preparation steps were done at 00-40C. Starch gel electrophoresis showed that over 95% of the soluble protein in these unpurified hemolysates was hemoglobin; histochemical staining of starch gels indicated traces of esterases and lactic acid dehydrogenases, which are removed upon purification. Vertical starch gel electrophoresis,"1 as modified slightly by the authors,10' '3 was used in screening all hemoglobin samples. Particularly good results were obtained with borate gels (pH 8) and phosphate gels (pH 7) run in a cold room at 0C and at 250-300 volts for 8-15 hr. "Fingerprinting" was done by the method of Katz, Dreyer, and Anfinsen.'4 Best results were obtained with tryptic digests of deionized, heat-denatured purified hemoglobin.'5 Oxygen equilibria were measured spectrophotometrically as described elsewhere. '6 To ensure that any differences in electrophoretic behavior or in oxygen equilibria 4 were intrinsic to the hemoglobins themselves and not due to differences in ionic or molecular en-A vironment, hemoglobin samples were purified by ammonium sulfate fractionation and-as recommended by Allen, Wyman, and Smith'7 in the comparison of Hb A and Hb F-were dialyzed against a common buffer (A = 0.3 or 0.6, potassium phosphate of specified pH, in the range 6.5 to 7.4).
Results. hemoglobin synthesis was seen between in developing chickens and turkeys; "Ax" is White Leghorns, New Hamsphire Reds, the more acidic adult hemoglobin component, "Ea) is the more acidic embryonic compoand Columbians; however, bantams ap-nent; "Ab" is the more basic adult component; peared to lag by [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] hr in the time of and, "Eb" is the more basic embryonic appearance of the adult hemoglobin component. components, though their hemoglobins are electrophoretically and structurally (by "fingerprinting") identical with those of other chicken breeds.
Turkeys (see also Fig. 2 ) have adult and embryonic hemoglobins that are electrophoretically very similar to the corresponding hemoglobins of the chicken. However, the time of "switchover" is later and adult hemoglobin does not appear until 81/2 days of incubation; by 11 days half of the hemoglobin is of the adult type.
Red-winged blackbirds of all developmental stages show four hemoglobin bands, two of which seem to correspond in position to chicken and turkey embryonic hemoglobin and the other two of which correspond to adult hemoglobin (Fig. 3) . Un- studies and those of D'Amelio and Salvo5 concerns whether there are three rather than two hemoglobin components in the adult chicken. By chromatography or paper electrophoresis, several workers20 have found one major (80%) and one minor (20%) hemoglobin in the chicken and other birds. However, Rodnan and Ebaugh2l reported that, in addition to the basic major hemoglobin component, some chickens had one and others had two minor acidic hemoglobin components. The authors have noted no consistent individual variation in this regard. The older hemoglobin samples, allowed to stand for several days in the cold room or frozen and thawed too much, often show a broadening of the acidic minor component hemoglobin zone, frequently showing subdivision into two or more diffuse, bands. In addition, under conditions of higher voltage (500 volts) in starch gels it is possible to fractionate the basic major component into two zones, obtaining a pattern very similar to that of D'Amelio and Salvo.5 Three components are clearly obtained in continuous-flow curtain electrophoresis using a low ionic strength (,. = 0.02), pH 7.5 potassium phosphate buffer. These have been isolated and "fingerprinted." The anodal and cathodal components have 17 peptides apparently in common, but the anodal has 7 and the cathodal 9 unique peptides. The middle and predominant hemoglobin fraction has all 33 peptides (17 + 7 + 9). The middle component is an aggregation of the "anodal" and "cathodal" components. Thus, there must be at least two different kinds of polypeptide chains present. The number of peptides is suggestive that there might be more than two different polypeptide chains in adult chicken hemoglobin; possibly, as suggested by Saha and Ghosh,22 "fast"
and "slow" components have one polypeptide chain type in common and differ in the other. The variation between two or three components could be an expression of aggregation such as has been shown for "fast" and "slow" turtle (Pseudemys scripta) hemoglobins by Ramirez and Dessauer.23 A further similarity between the situation in the turtle and in the chicken has been shown by "fingerprinting" the "fast" and "slow" turtle (Pseudemys scripta) hemoglobins;'8 each shows [27] [28] [29] peptides; "fast" turtle hemoglobin appears to have 10 unique peptides and 17 in common with "slow" turtle hemoglobin, the latter having 12 unique peptides. Besides the numbers, the general distribution and the pattern of peptides are quite similar between turtle and chicken hemoglobins, recalling suggestions that birds are feathered reptiles.24 Studies on separation of the peptide chains of the various multiple hemoglobins and on genetic comparisons of closely related birds and closely related turtles should decide the actual number of active structural genes (cistrons) functioning in the adult animal. Separate genetic control of the structural genes: Most significant is the presence in all red-winged blackbird embryos of hemoglobin components that are electrophoretically homologous to a mixture of adult and embryonic chicken hemoglobins (Fig. 3) . This indicates that both adult and embryonic structural genes are activated from the very beginning of development, a condition resembling in certain ways the "high Hb F" trait in humans where both fetal and adult hemoglobins are found in normal adults. Neel26 and Motulsky27 have postulated that the "high Hb F" allele represents a mutation of the normal controlling gene that governs whether adult or fetal human hemoglobin will be produced by alternately activating and suppressing the beta chain and gamma chain cistrons. In addition, another type of control gene, comparable to a "tap gene," has been postulated to control the amount of a given polypeptide chain that is produced; mutations of these "tap genes" are responsible for "a chain" and "p3 chain" thalassemias. While screening natural bird populations for genetic polymorphisms of hemoglobins and serum proteins, one individual pheasant, Phasianus coichicus, was found that almost but not entirely lacked the basic hemoglobin component which is usually the major hemoglobin fraction of adult birds (see, Fig. 6 tion, the existence of three different kinds of heterozygotes, varying in the amounts of "fast" and "slow" coelomic hemerythrins argues for the presence of separate "tap genes" regulating the amount of messenger released from the structural cistrons to which they are linked.
Therefore, it appears that separate control genes are a widespread phenomenon in animal-as well as in microbial8 and in plant9-genetic systems. A hierarchy of control genes may be the fundamental explanation for differentiation in multicellular animals.10
Summary.-Early chicken embryos have a hemoglobin that is electrophoretically, structurally, and functionally different from that of late embryos and adults. Synthesis of embryonic hemoglobin is "turned off" after five days of incubation in White Leghorn, New Hampshire, and Columbian chickens; in bantam chickens the embryonic hemoglobin synthesis continues [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] hr later than in the other chicken breeds; in the turkey, adult hemoglobin begins to appear only after eight days of incubation. In the red-winged blackbird, adult and embryonic hemoglobins are synthesized together from the very beginning of erythropoiesis. Therefore, it is postulated that some kind of "control genes" exist which determine when-or whether-adult and embryonic hemoglobins are produced. In addition, there may also be control genes that regulate the total amount of a particular polypeptide chain that is produced; one individual pheasant was found with a condition resembling thalassemia in the human, which has been suggested to be due to a "tap gene" mutation.
